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Blazars 
• Defined by 1) strong variability 

(minutes to years) from radio to γ-
rays and high polarizations (1-4%) 

• Moderate to strong radio sources 
(radio loud) 

• Two classes: 
    1) BL-Lac objects: no strong 

emission or absorption lines 
        - likely beamed FR Is 
    2) Optically-violent variables 

(OVVs): highly polarized, 
variable, but have broad emission 
lines like quasars 

        - likely beamed FR IIs 
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Research Motivation 
 The structure of BH, 

Accretion disk, BRL etc 
within pc can not be observed 
directly. Varibility is an 
important method to research 
the central structure and 
physcial process of AGN； 

 Blazar is a natural lab to 
research the physics of jet;  

 The origin of blazar 
variability is still a open 
question. More observational 
properties is needed to 
understand the origin and 
physics of AGN variability. 

(Netzer 2015, ARA&A, 53, 365；Wagner & Witzel 1995, ARA&A, 33, 163; 
Ulrich et al. 1997, ARA&A, 35, 445; Falomo et al. 2014, A&ARv, 20, 73) 
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Blazar SEDs (Urry 1998) 

Synchrotron Inverse Compton 

Inverse Compton Models: 
- Syncrotron Self 

Compton (SSC)  
- External Compton (EC): 

seed photons from 
accretion disk, BLR, 
Cosmic Microwave 
Background (CMB), 
etc. 

http://nedwww.ipac.caltech.edu/level5/Urry/Figures/fig2.gif


 Blazar has radiation across the 
complete electromagnetic spectrum. 
Multiband variability properties and 
information are probes to understand 
the central structure, energy origin and 
mechanism, jet physics etc.； 

 It’s possible to research by multiband 
information due to open Radio, IR, 
optical, SWIFT, Fermi etc. data. 
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Research Motivation 
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Observational research on 
variability properties 

 Spectra variability  
Microvariability properties 
 Variability symmetry 
 Periodic variability, the time scale, 

energy of flares…… 

Variability 
properties 

Variability 
origin and 
physics 

 Constrain the radiation mechanism 
 Provide physical parameters for 

physical models 
 Constrain the physical process and 

accrelation mechanism in jet…… 

Observation 
analysis 
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Observatory site 

Longitude: 122°03‘ 02“  E 
Latitude   :   37°32‘ 12“  N 
Altitude    :  110 m 
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Instruments 

Two 
Instruments 
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Optics: classic Cassegrain design, 
1000mm optical working diameter, 
focal ratio: f/8  

Mount: equatorial fork mount 

Image quality: 80% Energy in 
0.65 arc sec within 15 arc minute 
FOV 

Maximum slew speed is 4 degrees 
per second in both RA and DEC 
axis 

 Pointing accuracy: 5.4 arc sec 
RMS for 20-90 deg altitude  

Tracking accuracy: 0.54 arc sec 
RMS in 10 minutes blind guiding  

Telescope 
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Photometry 
system 



CCD Camera 

PIXIS 2048B 
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Andor iKon-L DZ936-BV 
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Filters 
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Filters 
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Filters 
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Filter wheel 

ACE Dual filter wheel 
 



Seeing 

FWHM mesured by images.(768 nights, almost 6 years)  see Hu 
et al., RAA, 16, 719, 2014. 
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Sky background 

See Guo et al., PASP, 126, 496, 2014 



Sky background 

See Guo et al., PASP, 126, 496, 2014 
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Blazar observations 
Objects Data(Bands) Nights 

0109+224 

S5 0716+714 4584(V R I) 37 

BL Lac 3865(V R I) 43 

OT 546 1085(V R I) 23 

PKS 1424+240 4066(V R I) 42 

OI 090.4 794(V R I) 21 

Mrk 421 2882(V R I) 41 

3C 66A 3000(V R I) 44 

3C 371 380(V R I) 6 

ON 231 194(V R I) 3 

0954+658 

1011+496 

1246+586 

OJ 287 



Talk of Marscher A. 2016 

Microvariability study 
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Duty cycle of microvariability for LBL:  
   BL Lac is 73%  
   0716+714 is 83.9% 
   OI 090.4 is 70% 
Duty cycle of microvariability for HBL:  
    No significant IDV was found for OT 546 and Mrk 421 

• Hu et al. 2006, MNRAS, 373, 209 
• Hu et al., 2014, MNRAS, 443, 2940 
• Hu et al., 2014, JAp&A, 35, 261 
• Guo et al., 2014, JAp&A, 35, 283  
• Chen et al., 2014, JAp&A, 35, 465 

Microvariability study 

 Statistically the duty cycle of HBL is much lower than that of 
LBL. Why? 

 Is it due to the stronger magnetic field of HBL to constrain the 
microvariability?  



The light curves could be decomposed into 
individual flares using fitting methods.  

Statistical analysis for blazar flares 

  2012-AJ-749:191 

Wierzcholska(2016) 

Abdo (2010) 

Chatterjee (2012) 

Valtaoja (1999) 



Optical light curves of BL Lacertae in B, V and R bands 

Results for BL Lac 

See Guo, Hu et al. 2016,MNRAS, 460, 1790 



Flare fitting 
• We adopted an exponential function introduced by Valtaoja et al. 

(1999) to decompose the flares. 
 

• Before the fitting of flares, all segments were interpolated linearly by 
a time interval τin, then smoothed by a Gaussian function with 
particular FWHM 

In order to optimize 
the fitting of flares 
and obtain the best 
result, different 
segment was applied 
to different τin and 
FWHM. 



Properties of Flares 
• Flare duration time 

 
• Skewness parameter 

 
 

• Amplitude of flare 
 

• Energy output 



Flare duration 

• The probability density and 
cumulative probability of 
T/(1+z) are shown. Gamma 
distribution seemed to be 
appropriate to explain this 
distribution according to K-S 
test. 

• lognormal distribution 
 
 

• gamma distribution 
 



VARIABILITY ANALYSIS RESULTS 
——Flare asymmetry 

• Distributions of ξ are presented in the 
plot. The red line in each panel presents 
the result of Gaussian fitting. Mean and 
standard deviation of the Gaussian 
function (μ and σ, respectively) are listed 
in table 1.  

• Despite different τin and FWHM shown in 
table 1, μ were slightly less than zero 
within the statistical uncertainties, 
reflecting that there might be a trend 
toward gradual rises and rapid decays. 
Or we could safely say that no or at 
most very weak negative asymmetry 
were found in the variations of BL 
Lacertae. 



Peak flux of flares 
• The probability density 

and cumulative 
probability of  fmax of 
the flares in V bands 
and R bands are 
depicted in the plots. 
Lognormal distribution 
seemed to be more 
precise to explain the 
distribution of  fmax.  
 



Energy output of fares 
• The probability density 

and cumulative 
probability of   Area in 
V bands and R bands 
are depicted. 
Lognormal distribution 
seemed to be more 
precise to explain the 
distribution of  fmax.  



Correlation between T and fmax 
• Despite the 

divergency, there is 
a clear correlation 
that  fmax becomes 
larger with a larger T. 



Results for 0716 

See Li, Hu et al. 2017, PASP, 129, 4101 



Temporal Structure of S5 0716+714 

Flares of Short-term Light Curves 



Sknewness-STV 

The results show that the 
flares are predominantly 
asymmetric in four bands. 
there exists a very weak 
tendency of positive 
asymmetry with rapid rises 
and gradual decays. 



Sknewness-IDV 

Both STV and IDV flares were 
predominantly asymmetric. But the 
percentage of symmetric flares for IDV 
is higher than STV. 





• The Log-normal distribution of the flux suggests 
that the variability seems from multiplicative 
processes. 

• Maybe a minijets-in-a-jet statistical model  
                                                       (Biteau et al. 2012) 

• The Gamma distribution could demonstrate that 
the emission region in the jet may be distributed 
in a Poisson way. 

                                               (Touati et al. 2009) 

 



Discussions 

A power law function, continuously injected for  

MNRAS,1999,306,551 



Chen et al. ,MNRAS, 2011,416, 2368 

Discussions 



The symmetric nature of the observed flares indicates that the 
skewness profiles can not just explained by a disturbance 
through the emission region or crossing time effect, light travel 
time effect. Meanwhile it may also be constrained by geometric 
effect and other effects. 

Discussions 



Kepler blazar sources 

Information: 

• Very good time coverage 

• 0.95-meter aperture 

BL Lac： 
KIC 6690887--W2R 1926+42 
 
KIC 7175757--5BZBJ1848+4245 



Multiband analysis  
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WEBT observations 
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Welcome to visit Weihai observatory 
 
 
 
 
 
 

Contact with Shao Ming Hu 
Email: husm@sdu.edu.cn 

 
 Thank you for your attention! 
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